Introduction
The process of decomposition is facilitated through a number of decomposer organisms, including fungi, bacteria, and insects. Many studies have been aimed at the succession of insects arriving during the various stages of decomposition. [1] [2] [3] [4] [5] [6] Beetles (Order Coleoptera), moths (Order Lepidoptera), and true flies (Order Diptera) have most often been the focus of these taphonomic studies.
Seven families within Order Diptera have significant roles in corpse and carcass decomposition. Early in decomposition, blowflies (Family Calliphoridae) are typically the first to arrive. Calliphorids can appear within minutes of death and often deposit eggs within the first daylight hours (they do not lay eggs at night). Members of the Family Muscidae (house/ stable flies) and the Family Sarcophagidae (flesh flies) also arrive during early decomposition. 7 Subsequently, different types of insects arrive including members of the families Piophilidae (cheese skippers that are associated with bodies after adipocere formation), and Fannidae (little house flies that are often associated with fecal-contaminated tissues). 1, 5 As the fly larvae pierce through the corpse or carcass's skin, internal gases are released and deflation of the body occurs (when bloating is present). During this process, calliphorids most commonly remain the most abundant insects, but additional new flies belonging to the family Sepsidae (black scavenger flies) and other arthropods (e.g., beetle species) begin arriving. 1, 7 Once they complete their larval development, blow fly larvae migrate away from the body. As soft tissues disappear, new decomposers arrive. Generally, when remains are dry, the most likely insects associated with the body are beetles in the families Dermestidae and Cleridae. Even after burial, bodies may become infested with coffin flies (Family Phoridae). These minute flies can penetrate through dirt and find their way into sealed coffins and sarcophagi.
During the pupal stage of their life cycles, dipterans form puparia in which they undergo metamorphosis. Puparia, like many insect parts, are comprised of chitin, which preserves well for many years given the appropriate environmental conditions. The discovery of dipteran puparia within burial and mummy contexts can reveal a wealth of information to forensic entomologists. The first examination of flies from archaeological contexts was made by F.W. Hope following delivery of puparia collected during the unwrapping of the Leeds mummy. 8 Identification of these puparia led Hope to the conclusion that the mummification process had taken an extended amount of time, allowing for the infestation of late-stage dipteran decomposers. Additional archaeological studies of insects from burials have helped researchers to reconstruct burial practices in prehistory. 9,10 Teskey and Turnbull 10 were able to assert that prehistoric Canadian burial practices included prolonged exposure to the environment prior to burial based on dipteran remains. In the present study, fly puparia were collected from a unique mummy of religious significance ( Figs. 1 and 2 ). Samples were collected for identification of the puparia to determine the curatorial implications of their presence.
Materials and methods
We undertook the analysis of the puparia casings found in the Blessed Antonio Patrizi da Monticiano (Sienna), Italy, who is believed to have performed several miracles. 11 Monticiano is located in Tuscany, where the mummified remains of a medieval subject were discovered and subsequently moved inside of the church of Saints Peter and Paul. Until recently, the mummy was displayed every ten years during catholic processions; he was otherwise stored in the church in a coffin constructed in 1699. In 1995 the mummy was transferred to a new coffin. Environmental conditions were probably altered, and humidity was likely amplified. Subsequently, mold was observed on the coffin and clothes. This suspected increase of humidity caused risk of biodeterioration to the Blessed Antonio Patrizi and the artifacts that surrounded him. The church officials requested an assessment of the preservation of the body.
Samples from the mummy (Fig. 1) were carefully collected in the fall of 2011 and submitted to the University of Nebraska-Lincoln. Utilizing an Olympus stereoscopic microscope, puparia were isolated from other debris, separated based on morphological differences, and counted. Broken puparia or puparia with obscure spiracles were not entered into the final count for this analysis. Samples were identified based on keys and references on relevant insect groups [12] [13] [14] [15] and compared with previously published work on Italian dipterans. 16 Selected puparia were photographed with a PC-mount JVC digital camera (KY-F75U) under a Leica stereoscope (10447177). The computer software Auto-Montage by Syncroscopy was used to create the 3-D image (Fig. 2) . The puparia were archived in an airtight glass vial and stored within the University of Nebraska-Lincoln's School of Natural Resources.
Results and discussion
At the time of corporeal inspection, we discovered a non-uniform distribution of puparia. The distribution was overwhelmingly gravity-dependent with the posterior surface of the body. Only a few puparia were scattered at other parts of the body. It could be that seepage of fluids to the posterior created an attractive environment for the flies. Eventually decomposition totally stopped when the body reached a critical level of desiccation. The numbers and identities of insect material recovered are shown in Table 1 . Puparia of the muscid fly, Ophyra capensis, were abundant. Although puparia were mostly fragmentary, diagnostic structures associated with the posterior spiracles were sufficiently intact to allow species-level identification. An adult tineid moth was also recovered from the sample. This specimen was both desiccated and crushed, so species determination was not possible.
Insect remains can be important for understanding the taphonomic conditions associated with mummies. The presence of specific families of flies allows researchers a glimpse at the environmental conditions surrounding the body after death. The relative abundance of puparia from various dipteran families can give investigators insights into burial rituals, seasonality of death, and environmental conditions the body was exposed to post-mortem. 9, 10, 17 Proper identification of puparia can also help mummy curators to assess whether or not a deterioration prevention plan is warranted.
The discovery of O. capensis puparia indicates that the body of the mummified individual is under no threat from current dipteran infestation. Ophyra species have been reported from other remains of historic interest, and their presence here would be associated with initial decomposition processes. The absence of insect remains from other families of dipterans suggests that the body was exposed to the natural environment for only a short time after his death. The lack of phorid remains suggests that the body was well-sealed. If this was not the case, these minute flies, notorious for their ability to enter coffins, would have been present. 15, 18 Tineid moths, such as the one recovered in the present study, are not directly associated with decomposition, but the larvae of some species do feed on cloth. The two tineid species most likely to be associated with feeding on cloth are Tinea pellionella or Tineola bisselliella. The recovery of an adult tineid with the remains is consistent with insect feeding on the clothing associated with the remains.
The presence of an adult tineid moth would be of curatorial concern if there were additional evidence of active degradation of material within the remains, or of an active moth infestation. Such evidence would certainly include either larval or pupal exuvia from tineids.
We observed small puncture damage to the mummy. Small circular or oval holes were scattered over the body but were especially obvious on hands and feet. Holes in the skin are commonly associated with movement and feeding by blow fly larvae after skin slippage, however, we do not expect to see a distribution of such holes over this mummified body. Consequently, we suspect that this damage was most likely caused by dermestid activity. Dermestid beetles are virtually ubiquitous agents of decomposition on dried flesh, hair, fur, and cloth. 15 We did not observe active dermestids. Therefore we suspect that this possible dermestid activity occurred some time before present. Additionally, given that the remains had been moved at least three times, finding fragile puparia still in association with the body further speaks to the care with which the mummy must have been treated.
Conclusions
This investigation into insects associated with this mummy illustrates a largely unrecognized aspect of examining insects from archeological and historical remains. Such analysis may let curators distinguish between historical damage or decomposition, versus active threats.
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